Refining POWGEN data in TOPAS

Preamble

TOPAS is a diffraction analysis package available in two versions; commercial with a GUI (Bruker-AXS) and
academic without a GUI (http://www.topas-academic.net/).

TOPAS doesn’t ‘know’ about TOF data but may be used in versions 3 and above using the text-based launch-mode.
This document assumes version 5 or 6.

Launch-mode is very powerful, using something close to a computer code to create macros to manipulate/control
the refinement in ways the developer never envisaged. Complex restraints, peak profiles, structure solution, rigid
bodies, parametric and magnetic refinement are examples of what’s possible within version 5. However the jump
from the GUI mode in the commercial TOPAS to the more advanced features in launch-mode involves a steep
learning curve.

The TOPAS input file supplied from the POWGEN website is in the form of a template — no direct equivalent of the
GSAS *.prm for Fullprof *.irf files exist. The template has been developed with version 5. It should be backwards
compatible with version 4.2 and possibly version 3 but has not been tested.

Template files from different cycles may be used interchangeably as long as correct calibration information for the
relevant cycle (zero, difc, difa, alpha0, alphal, beta0, betal) is copied across. The template doesn’t use the built-in
TOF equations as it allows for more flexibility for future developments.

The template files have been continually developed to improve their layout and add new functionality in the form
of different customized macros. The template from 2016-B used here may look different from other cycles.

Additional datasets such as lab/synchrotron X-ray or single-crystal may be added to these templates. Similarly
Pawley, Le Bail and single-peak fitting can be done but the template was set up to simplify structure refinements
of POWGEN data as much as possible.

It is highly recommended that the jEdit text editor be used to work with the input files. Useful features such as
color-coding, keyword menus, column editing and text-folding are available when set up correctly
Information, TOPAS launch-mode tutorials and instructions for setting up jEdit for TOPAS can be found on the
following website

https://community.dur.ac.uk/john.evans/topas academic/topas main.htm
The TOPAS Technical Reference contains examples of the syntax and usage of the native TOPAS keywords/macros
The TOPAS Wiki is a useful source of information, user-supplied macros and a user forum

http://topas.dur.ac.uk/topaswiki/doku.php



https://community.dur.ac.uk/john.evans/topas_academic/topas_main.htm
http://topas.dur.ac.uk/topaswiki/doku.php

2016-B TOPAS Template structure — top half
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o~ (C9 Minsert
o - TOPAS_Durham_Menus ) 2016B-60HR_PG3_btb_template.inp (D:Wsers\p6wiDropbox (ORNL)\2016BY) |v

o~ (T TOPAS_V5_Menus 'jEdit friendly TOPAS input file for POUGEN —
o~ [ TOPAS_v3_Menus 'Back-to-back and positions as per G3AJ-1 profile mumber 3
o [ TOPAS_v4.1_Menus 'mmber of possible broadening functions supported via macros in TOF_macros section at bottom of template

o [ TOPAS_v4_Henus buile-in TORRS TOF_CS L ead TOF_C5_6 Green text denotes a comment
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Xinsert | 4 | B

'G3AS-style sigmas and gammas can be calculated in POWGEN_instrument macroe but walues supplied d H h ’
'w-axis display in d-spacing and  supported in version 6 - add the line " gdefine WERSIONE " in your local.inc file sta rte Wlt

‘output of pattern simulation data in TOF, d and Q suppbx:r.ed
'Folds used in file to allow for collapsing sections (in jEdit Utilities/Global pptions/Editing Folding-mode to explicit)

Bl 7ovoen 20168 celibration parmeters _— Overall residuals and location for control commands

» 1s|'{{{ r-factors and control information [12 lines]

b 20| {{f select frames to use here and enter filenames [9 lines] \ L4
i ————— Section where filenames are entered

az
so| T darasens

P a4|'{{{ information specific to frame 1 ([0.533 UL) [27 lines]
7z

b ag|'({{ information specific to frame Z refinement here 1.066UL [28 lines]
102
P1oz|' ({{ information specific to frame 3 refinement here 1.333 [28 lines]

M

rame-specific information and commands, e.g. scale factor
133
F124|' {{{ information specific to frame 4 refinement here 2.6585 [28 lines]
'

Paga| ' {{{ information specific to frame 5 refinement here 3.731 [28 lines]
192
Pisa| ' {{{ information specific to frame 6 refinement hers 4.797 [27 lines]

zz2|' add information For additional dataset here, e.g. lab ¥ED, 11EM, etc

- iapore tiie T Number of lines hidden by the fold

. . zzs|' bkg ...
Fold indicator as| Law ... instoment info
22| ste .. 'dataset-specific structure info {scale, broadening, etc)
d d 228
ana expanaer 229
230
231 ' {{ owerall structural information here
23z
23t
234] 'Put owerall structural and peak shape information here
235] 'Put the overall peak shape here so it can be refined for all hanks in calibratipn then fixed for all banks
225]'In a normal refinement you probably wouldn't play with anything in wifd mic? lines

237
228|Eor xdds {

cag| for strs 1 eo 1 {
zan space group """
L]

) 2016B-60HR_PG3_btb_template.inp (D:Wsers\p6wiDropbox (ORNL)\2016BY) -
1 'JEdit friendly TOPAY input file for POUGEN
2 'Back-to-back and positions as per G3A%-1 profile mumber 3
¢ 'mumber of possible broadening functions supported via macros in TOF macros sectiem at hottom of template

4]

[] carriage Return - m@ﬂ ﬁ k
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2016-B TOPAS Template structure — bottom half
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zos|for xdds {

cSee Menus to select | | o a1 w1

o [ Top lsvel ca0| | space_growp "o

o= [ Scan file level d iffe re nt :z ihn:SE_m H

o~ (-7 Phase level - Structure
zaz | b2
o~ (9 Phase level - hkl_|s k d 2
o~ (9 Phase level -xo_ls i d_ls eywor S 61'7
¢ (7 Structure solution specific )
[ Top level - Auto_T
[ Scan level - Decompaose

(=]

o [ Xinsert
¥ || o [ TOPAS_Durham_Menus ) 2016B-60HR_PG3_bib_template.inp (D:Wsers\p6wiDropbox (ORNL)2016BY |'
E ¢ [ TOPAS_V5_Menus il .
&
>

O

Dverall structural information, lattice parameters,
ite information, etc

wn

EL he ?
za7| | ga ?

[ Scan level - Structure_Solution_Weighting B site 7L x ryze? oec ¢ 1.0 beq 0.3
[ Structure level - occ_merge B
[, Structure level - normalize_FCs zs0)}
¢ 1 TOF specific =R
[, GOF details zsz|' add second phase here if needed for strs 2 to 2 {} also needs second str infof under each dataset used
o [ Scan level zsef}

o [ Phase level esq| '}

o= [ single crystal specific

6= 3 Indexing o

o [ Charge Flipping wesa| ' {1( 'TOF nacros

o [ Advanced zs3|macro TOF misc {
% [ TOPAS_v3_Menus ceo|Hifdef VERSIONS gui_tof_t0 = zero; oui_tof_tl = dif_c; Hendif
¢ [ TOPAS_v4 1_Menus 251] weighting = 1 / Signa¥ohs*Z:
o= [ TOPAS_v4_Menus 252 TOF_LAM{0.001)

* Gl ams ToPaS sur ol scaie pia - D spacian's Location of custom macros used within the

csa| prm two_theta 90

T — template. DO NOT TOUCH UNLESS YOU ARE AN

e EXPERT! Changing anything may cause an error or

270[macro TOF d ¢

TOPAS has what it er < seno G5t D sacing + 68 D macing'2; even worse not cause an error potentially leading to

272| }
z7g|macro GEAS_bth

calls ‘scope’. o ingorrect results.

” Z76| push_peak 'GSA% TOF peak shape 3

ecla res a z77) exp_conv_const = alphal + alphal / D_spacing;
global vari

T L e el 2 i This is folded away and should not interfere with
“local”_declares a
fic to the

o e ton sy e chsotption manes s sstenienes 2een 2 S GIEING. EheE rest.of the input file
ariable s

zga| |
™ ﬁpm 'LE 60.183 ' POWGEN 90 degree flightpath
ection and may
ifferent values in et ko = 657855
zgz|local 'kl = (25.99978 - (0.01911 sintheta*0.5)Exp(-0.024514 sintheta*2)) + 0.109)561 sintheta - 26.0456;: 0.01578

prm 'h bar 6.626176e-34 ' Flank's constant
Iffe re nt aI’tS Of the coe[local !kZ = -0.02488 - (0.39439 sinthera*Z) + (1.219077 sintheta*3) - (1.31268 sintheta*d) + (0.871081 sintheta*s)
p 294 - (0.2327 sinthetas)::0.00535

zs7lprm 'm n 1.67495e-27 ' neutron mass
cos[prm !'td_const = 1044 h_bar/{m_n LE];
zss[local !sintheta = Sin(Deg_on_2Z two_theta);
\ﬁlmﬂ !lawhda = Xo 1044 h bar/(m n LE):

O 0O v <

q . Il
input file i

Iﬁaamags Return — -

Execute Scripts |8 | = [ Console | File rowser | Hypersearch Resuits

856 (554/12188) (INP explicit Cp1252) - - - - WGIEEIR 41Mb 8 error(s)9:16 AM|



jEdit — folding

Folding is a very useful feature, sections can be hidden away to simplify navigation
of long text files.

A fold is started by typing {{{ and finished by ‘}}}

The text folding is not setup in the instructions given by John Evans’ website but is
easily set in the jEdit Global Options as shown by changing the Folding mode to
‘explicit’

¢ jEdit - 20168-60HR_PG3 btb_template.inp w T

File Edit Search Warkers Folding View Utiiies Macros Plugins _Help

—d ting -
] o
| of | [ iEdit ~] /[To customize mode-specific seltings, select an edit mode
= General rom the below menu. Currently, global defaults are being
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s ppearance )
i jEdit - 20160-60HR_PG1 bth_template.ing L —— = Context Menu Change seltings for mode: =<global defaults> | :::
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3 b Printing Initially collapse folds with level: |1
& it Homie Diractory Proxy Servers
Sellings Dire Saving & Backup Word wrap none ~| |-
o Shortuts ecs
BganFhed Status Bar Wrap margin: 30 - ..
Traual Syntax Highlighting) | a5 widtn 3 -
Action Har TextArea -
3 Tool Bar Indent width 3 -
View
¢ File System Browser [] Soft (emulated with spaces) tabs =
EE- - General [] Deep indent
ik Colors
b File name glob i
= . Firstline glab -
R GOF aetals 3| (10 intocea of
L Default edit mode text ~| |Beic
of
| Mumber of undos 100
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] 0 ol [] Resetundo history on save £il




Refinements — initial setup

 Expand the section to add the required filenames

"i{4 select frames to use here and enter filenames

zz|Hdefine USE_FRAME] macro filename framel {PG3_7-l.xye} macro start_end frawel [start X 45300 finish X 70000} '0.535 CWL . ..
az|fidefine USE_FRAMEZ macro filename frameZ {FG3_r-Z.xye} macro start_end fraweZ ((start X 6775 finish X 104000} '1.066 CWL F||enames’ sta rt and f|n|sh Of
za|fidefine USE FRAMES macro filename frame3 {PG3_7-3.xye} macro start end frawed [start X 9930 fimish X 121700} '1.333 CUL

as|Hdefine USE_FRAME4 macro filename framed [PG3_7-d.xye} macro start_end frawed (start X 26501 finish X 207600} '2.665 CWL data to fit in TOF for each
a5|Hdefine USE_FRAMES macro filename frameS {PG3_7-5.xXye} macro start_end frawes (start X 35400 finish X 250000} '3.731  CWL

g7|Hdefine USE_FRAMES macro filename framef {PG3_7?-6.xye} macro start_end frawed ([start X 51340 finish X 346000} '4,797  CUL frame

il e
T ERO

a0

a1l

 Frames not required may either be commented out or deleted

' zal'{{{ select frames to use here and enter filenames
I

az|'#define U3E_FRAME] macro filename framel {PG3_7-l.xye} wmwacro start end framel| {start X 4300 finish ¥ 70000} '0.533 CWL
gz|fdefine USE_FRAMEZ macro filename frawe2 {PG3_29601-Z.xye} macro start_end framez [start X 6775 finish X 104000} '1.066 CWL
za|fdefine USE_FRAME4 macro filename frawed {PG3_29603-4.xye} macro start_end framed [start X 26501 finish X 207600} 'Z2.665 CWL

25

L Bl

5" 16| ' 14§ r-factors and control information

17|r_exp 0.9396783395

15 r_Ex];l_dash 3.33349497

13|r_wWp 4. 30358706

zolr wp dash  15.2663023

z1|r p L. RA0BE233 . . .

cele p aasn 26, 4086192 Control information includes
sa|lgof 4.57984559 whether to calculate errors

za|weighted Durbin Watson 1.15013
5] 'continue_after conw e
zg|do_errors

£7



Refinements — init

ial setup

Sections relating unused frames may be deleted but will not cause an error when the

refinement is run

Expand a section in use, check parameters and add label to phase. Add ‘view structure’

under the ‘str’ if you wish to see the structure du

YU information specific to frame 2 refinement here 1.066WL

Hifdef T3E_FRAMEZ

TOF_X¥E (filename framez, = Yobs dx at(¥o) .5;) start_end framez

rwp Or exp 0rp O0r wp dash 0 r p dash 0 r exp dash 0 weighted Durhin Watson

bkg B 00000 \ Values for Chebych

local !=zero -5.635852 'don't refine background funCtI(
local 'dif_c Z2572.52340 'don't refine

local 'alphab &4, 43527 'don't refine

local 'alphal -7.835180 'don't refine

local !'betaD  42.83161 '"don't refine Diffractometer constar
local 'betal -0.63128 'don't refine

local 'dif_a 0@ 'refine if neceszary

local 'mu 0 min O 'refine if necessary Absorptlon CoefﬂClent
TOF_miac

. S (alls different TOF macros (e.g. TOF to d-spac

phase_name ?
r bragy 0
scale scal £2  1.52055946° 0.008257 < Scale factor
peak type pv
TOF C%_Li'cslfZ, 200.57711, dif o)
TOF_CS _Gi{'csgfz, 72.35519, dif c) PeakShape

tof_sample_peakshape(!lor £2, 0.126077458, 'dap_£2, 1534495, 'dapsg_£2, 0.00

Hendi £

ring refinement

— Residuals for individual frame

0 gof 0 'frame 2

ev polynomial background. User-defined
bns may be written when required

its for this frame for particular cycle

ing, back-to-back peak shape, etc)

parameters
nooy

o

~

Additional phases may be added by inserting ano

ther ‘str’. Unless you want them to be

constrained change the variable names for the scale, etc.



Adding structure information

e  Structure information may either be typed in or imported from a CIF file. Beware — the jEdit CIF
import occa5|onally needs two attempts to get the correct CIF file — make sure it’s the right one

. %
: BA 0 e Some spacegroups have options for different origins (e.g. Fd-3m) but CIF
r D sen rapbor {ORHIL 20108
T files often don’t specify which they used — CHECK!
S ———— N Yoy - | @ lv | [@®E & 4 ¢ XG0 A48 -"HEF X & © Td TH
o 7 Xinsert
Path |DPOWGENZO15- 52767 — o ng;EArS_Dumam_Menus B Untitled-1 (D:\Wsers'péw\Dropbox (ORNL)2016BY)
(e Fitter: (- - 9 CITOPAS_VS_Menus 4
o [ Help 2| stx
5 roots: 4 * Name Tipe o [ Examples 2 a 4.15689
Bo & [ electiochem-temp-colis Directory o 3 Top level 4 b 4.15689
B rowecen | 5 B diamond by bank Directory & [ Scanfile level 5 c 4.15689
B 20168 | = B cobbration Directory ¢ [ Phase level - Structure q al 90.
B@s7 | | = B acks wmp-calibrasion Directory R Insert CIFs in INP format . be 30,
PG3_PTE-ITET_runsummary v File TET kE B str 8 ga 90.
Ladt.cif File 2948 FZ phase_name Fl wolune 71.73an) )
space_group "Pu-3n"
%izz\gigm ’ 11 site Lal x 0. ¥ 0. z 0. occ Latd 1. beg 0.641
B, r_bragg 1 site BL x 0.1991 7 0.5 g 0.5 ooo E+D 1. beq 0.1
Fcs L
Fre o
14 Tirl i4] [
Eite name:.  |LaBé.of _D:_!!_ cancel
1 T

e Correct any oddities from the CIF file, e.g. oxidation states, oxygens in water denoted by ‘W’, etc.

 Any special positions with recurring decimals much be declared as a fraction, e.g. “x 0.3333”
should be “x =1/3;” The “;” is important and must appear after any equation — without it TOPAS
will probably throw an error but not always in the location where you expect!

::: fz;r strs{l to 1 ;e for xdds {
‘ ’ | z28] for strs 1 to 1 { . . win . .

= XK. . ... remove the ‘str’ statement | prase gee oo a parameter given variable name| “!” means it’s fixed
229 b 4.15689 | ees a !lpadaiseas

© 4.15689 || oeze b =lpa; . .
o | | | < -we: < Lattice parameters tied together with an equation.
24z be 30, e al 90.
zaz ga 90. I be 30.
2aq) volume 71.7302 | ean ga 90. TOPAS uses BiSO —not Uiso
245 space_growp "Fu-3n” i| 2aaf volume 71.7302
245 site Lal x 0. ¥ 0. z 0. occ Lat+l 1. heq 0.641 | zas space_group "Pn-3n”
za7 site Bl *® 0.1991 ¥ 0.5 2 0.5 occ B+0 1. beqg 0.1 o oeas gite Lal mm posns 0 x 0. ¥ 0. 2z 0. occ| La 1. beyg 0.3
248 | zan site Bl num posns 0 x 0.1991 ¥ 0.5 z 0.5 occ| 11B 1. beg 0.3
zag|} i zas|}

“for xdds {}” and “for strs {}” loops tie together shared parameters  “num_posns 0” will populate with site
from different datasets/structures. multiplicity after refinement
IMPORTANT — DO NOT use “@” to set parameters to refine inside

“for xdds {}” or “for strs {}" as it will create independent variables

for each dataset and not do what you expect. Make up specific Rerun refinement after convergence — if the real-time R, loops around
variables names, e.g. b_o, to ensure you get what you want. each time around then probable that a ‘@’ is in there somewhere..

SRM-660b contains
boron-11 isotope



Run the refinements...

Run refinement to : ,
Ietion Launch Mede: DU 6w\Dropbox (ORNL)\2016B\2016B-60HR_PG3_btb I ] = Turns anlmatlon On and Off‘
Com ¥ Launch Mode: Di\Users\pGw\Dropbosx ) \: - _PG3_btb_template.inp = | .
P T S e Affects both difference plot and
e ) image of structure
Run refinement ' z
step-wise L Wﬁdei D:\Users\p6wiDropbox (ORNL):2016B12016B-60HR_PG3_btb te inp If selected will dlsplay graphlcal
A N T~ representation of the correlation
matrix (v5 and above)
¥ ToPes : PG3_2601 Zape ] T —— — T S T T el - " e CER
ook window Wel — | BESENS -

D RPRPEa A LAY ELT oM T « v Al bW )

o' Drmphon [ORNLNZ0368. 1686008 P63t hempiate.np

Unless|you have v6 you can only view the
difference p|0t in native unlts X (i‘e‘ TOF) P Tauach Mode: D' \Lisers\pBwiDropbax (DRNLI2018B20188-60HR_PG3_be_template mp .
1oras ,J_‘i' - — =

25

YR e DERLAsAEDER

If youare happy with the refinement press
‘ves’. You may wish to look at the *.out file

before|doing this

If ‘view_structure’ was
added in file an image
of the structure will
appear

SO

=4

rsetatitin s o b Sl i

e e PR i, s

|} | }
S NS RS NSS— W————— WP S TR P
T ] " LT
| r

The o'nIy parameters refining here were the scale factors and backgrounds

MO0 MO0 T00000 104300 MO TNSOO0 IZOS00 1000 MO0 134000 140000



Parameters pane...

The parameters pane (F2 key or wrench button in interface) may be used to choose which
dataset(s) to see in the main window.

In the GUI mode this the main route to control and interact with the refinement, e.g.
instrumental parameters, structure, microstructure, Pawley refinements....

In launch-mode it is mostly inactive — the only useful pane under structures is the view of the
generated hkls under the structure. You may also customize the display of the difference plot
in the parameters pane.

r'er Parameters F2 == &1
'—-‘ Global [Structure ] [ Microstructure ] [F'eak Type ] | hklz | [Addilional Corveolutions ] [Hpt.f'Ter:t ]
E-[W] PG3_29601-2.xye
----- {1 Emizzion Profile h k | B d th2 Fod il
{23 Background m 9 3 43 0.30157 680161572  9958.742 =
-+ Instrument 0 8 5 43 0.30237 6819.60059  4492.133
""" {3 Comections 12 6 3 48 0.30237  6819.60055  109.143
:J" gdt'[succ'att?::fhulj Phases 11 8 2 48 030237 6819.60059  14601.884
&6 13 4 2 43 0.30237 6819.60059  171.550
i1 Sites g g 5 24 0.30398  6856.00195  4933.615
----- {1 Preferred Onientation 13 3 3 24 0.30398  6856.00195  3765.112
L St Dutput 11 8 1 48 0,30480 687442236 1751721
B[] PG3_23603-4.xpe 1n 7 4 48 D.30480 65874.42235  3818.339
13 4 1 43 0.30480  6874.42236  4529.160
W 7 6 43 0.30562  6892.99219  4973.012
0 13 4 24 0.30562  6892.99219  2528.995
w9 2 43 0.30562  6892.99219  1026.203
S ave Stucture in STR farmat 12 5 4 48 0.30562 6892.99219 9572433
View/Hide Stucture 0 11 8 24 0.30562  6892.99219 741427
g'ela:e g':'-'st phaze 12§ 2 48 0.30645 691171289  821.220
m 9 1 43 0.30813  6949.61670 2452741 i
L -




Peak profiles...

There are different options for fitting peak profiles in TOPAS. All of them assume a particular
dependence with d-spacing. The two built-in functions are TOF_CS L and TOF_CS G.

FWHM,,, = 0.1 x difc x d-spacing? / variable o s |
FWHM,, . = 0.1 x difc x d-spacing? / variabley; ¢s g

gauss

An alternative peak broadening function (written by John Evans) is supplied in the template that
frequently does a better job of fitting peak profiles of POWGEN data. This is a macro called
tof sample_peakshape thatis declared in the template itself that applies a pseudo-Voigt as follows
FWHM,,, = lor (dsp x d-spacing + dspsq x d-spacing?)
FWHM = 1-lor (dsp x d-spacing + dspsq x d-spacing?)

gauss —

A macro called POWGEN instrument is also described in the template TOF macros that follows uses
GSAS-style sigmas and gammas. The sigma and gamma variables are not declared in the template
as-supplied under the datasets but may be added by copy/paste with POWGEN _instrument to call
the macro.

FWHM,,, = V(gamO0 + gam1 x d-spacing + gam2 x d-spacing?)?

FWHM,, s = \(sig0 + sigl x d-spacing? + sig2 x d-spacing?)?
Results of each profile function will vary depending on the particular sample

The Stephens model for anisotropic strain broadening is either built-in (V5 and above) or available
via the TOPAS wiki (V4.2 and below)

More sophisticated models exist (see TOPAS wiki) but are frequently written for monochromatic
radiation and may require modification for TOF



User-defined backgrounds

The default Chebychev polynomial background function is frequently inadequate for
high-Q TOF data due to oscillations caused by diffuse scattering.

In V5 and above it is possible to write user-defined background functions via fit

objects’.

These may be written in TOF (X) or Q which may be defined for a dataset as
local Q = 2 Pi Constant(difc) / (X — Constant(zero));

One example of a user-defined background would be the diffuse scattering from
positional disorder as described in the GSAS manual

This has 3 refinable variables we’ll call ba2, ba3 and scl
The fit object would be calculated as

prm ba2 vl

prm ba3 v2

prmscl v3

Fit_obj vl = scl (Sin(Q ba2)/Q ba2) Exp(-0.5 ba3 Q*2);
The fit object can then be plotted using

Plot_Fit_Obj(v1, “Fit Obj1”)



Combined Neutron/X-ray refinements

A space has been left in the template to allow the addition of another dataset, e.g.

lab XRD or synchrotron dataset.

The standard method of adding a
XRD/constant wavelength dataset should be
followed using a similar approach to the TOF
data.

xdd filename.xxx loads the data
bkg uses a Chebychev background
lam is the wavelength

Lorentz polarization LP_factor()
zero_error for zero point correction

XRD peakshape functions such as CS_L()
should be used instead of TOF functions

Should you wish to add a dataset from
another TOF instrument (e.g. NOMAD)
please contact one of the instrument team
to correctly format the template

T T R R T R R

e e o g we

W

'{ff information specific to frame & refinement here 4,797

USE_FRAMEG
TOF_XYE (filename framed, = Yobhs dx at(¥o) .5;) start_end framed
rwp Orexp Or p 0r wp dash 0 r p dash 0 r exp dash 0 weighted Durbin Watson [ gof O
bky @ 00000
-53.70751

local 'zero 'don't refine

local !dif_c Z2600.51807 'don't refine
z|{local 'alphal -530.46172 'don't refine
local 'alphal 1219.01125 'don't refine
local !'betal 491.02532 'don't refine
local !'betal -4386Z.10985 'don't refine

local !dif_a 0 'refine if necessary
local 'ma 0 min O
TOF_mi=sc
str
phase name ?
r _bragg 0O
scale scal_f& 1
peak_type pv
TOF_C35_L('cslfé, 580.50382, dif_c)
TOF_C35_G(!'csgfé, 259.04919, dif_c)
tof_sample_peakshape(!lor_f£6, 6.76091017e-008,!dsp_£6, 1.00000,'!dspaqg f6, &l 36777)

'refine if necessary

"hh}

' add information for additional dataset here, e.g. lab XBD, 11EM, etc
txdd ..., ' import file

bk ...
' lam ... 'inatrument info
' ostr .. 'dataset-specific structure info (scale, broadening, etc)

'frame &



More advanced refinement.. ADPs

As a refinement progresses different variables will need to be turned on and off
with more sophisticated models applied.

ADPs are used infrequently with powder X-ray data but are common with TOF
neutron data.

TOPAS is unusual in that it uses Bs for isotropic displacement parameters and Us
for anisotropic displacement parameters (ADPs).
is: Uy, = B,,/8?

I1SO

— The relationship between B,., and U,

1ISO 1SO

The correct syntax for refining ADPs may be created by running the macro adps for
each required site.

Beware

— A bug crept into some versions of TOPAS where the correct site symmetry constraints for ADPs were
not always created for some space groups; check Chapter 8.3 in Volume C of the International Tables
if in doubt

— The adps macro places the ‘@’ refinement flag before the parameters which cannot be used safely
inside a “for xdds’ loop. Change the ‘@’ for a unique variable name such as ‘ull_ol’.



i1z

| 129
5 120
il 1e1
; 132

il 1ss

i 124
io1zs

i 18

H Ty
f 128
i 139
E 140

for xdds {

HETE

ADPs and constraints

e Example is a refinement of corundum with 2016-B POWGEN data

* Unique variable names used for each refined U

aniso

e Constraints use the keyword Get() in equations to link parameters for the same

site, e.g. in the oxygen site
o_ul2=Get(u22)/2;

 This gets the value of\u22 for oxygen without specifying the variable name

for strs 1 to 1 {

r bragy 0.670561565
phase name corundum
space_group R-3c
Trigonal (a_corundumori _0.000027 min =4.7400; max =4.7500;,c_cor
site All num posns 12 x =0; : 0.00000 ¥y =0; @ 0.00000 2z z1_corundumori
ADPz § al_ull _0,0000%8 = Getjuldl): al w33 _0.00012 al_ul
site 02 mum posns 15 x xZ_corundumori _0.00003 ¥y =07 : O.00000
ADPz { o_ull _0.00008 o_mzZz _0.,00008 o_u33 _n.o

amori
_0.00003 occ AL+3 1
2 =Get 1)/ _0.0000s a

_0.000087 min =1Z.5000; max =13,1000;)

0

g =L = .
N0&Z o_ulz =Get (u22)/

S000 occ 0-2 1
_0.00003 =Get (ul3d)*

_0.00004 13

* Symmetry check for R-3c. International Tables Volume C. Chapter 8.3 (uses B,

relationships)

but same

Al = 12¢ with site symmetry ‘3. B, =B,, = 2B,; B3 =B,3=0
O = 18e with site symmetry “2’ B,, = 2B,; 2B13 = Pas

_0.000o05 3
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(2016B)



Outputting data for publication...

 TOPAS 3/4 have very basic CIF output (Out_CIF_STR) but versions 5 and 6 have
more sophisticated output built in for the structure ADPs (Out_CIF_ADPs), bond-
lengths/angles (Out_CIF _Bonds Angles), etc.

 Additional macros may be written to output the fit data in a format suitable for
external plotting/publication — many can be found on the TOPAS Wiki.

e Inversion 5 and above fit
data may be extracted from
the parameters pane using
“Save if displayed Yobs, Ycalc,
Diff, Phases, Bkg”

¥ Parameters F2 |5 S
=23 Global All range dependent | | Rwps | | Path || Display | | Apt/Text
o Beckgraund ge dep
B53 Instument Use Value Code  Error Min Max -
{4 Conectians - Convolution Background
L Miscellanenus Chebychev " a
] S E;Isg‘tay tures/hk Ph Order LMk
[#- TLCtUIEs, A58
m 1/X Bkg [ 1000 Refne 0
&[] P& Add Structure =
Add Peaks Phase 217.5
Add hkl Phase 217.5
Load STR|
oad STR() -
Load CIF(s) o1 = g L
Load INP, PAR N Fix 0
Load d_Is - DIF, UXD Iz Fix 0
Save if displayed Yobs, Ycalc, Diff,Phases, Bkg r
Audd Stiucty Replace Scan Data I
4dd Peak:
ot 1 P Reverse data and make x-ais positive P
Load STR( Delete Range
-
=

Load CIF(s) Paste INP to Node/Selections
O r

topas wiki
[

e

navigation

search

Ga | [ Sewen

olbax
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Pawley/Le Bail refinements

Structureless cell refinements (Pawley and Le Bail) are easy to perform with TOPAS
but the template was designed for Rietveld refinements and may require some
modification.

Pawley/Lebail fits are triggered by using the keyword hkl |s instead of str. Under
for xdds {} the for strs {} will need changing to for hklis {}

TOPAS will append the hkl list underneath the keyword space group

If space_group appears under for xdds {} and multiple frames are being fitted then
the list from only the final dataset will be output.

— In this instance move the space group declaration to underneath each hkl_Is phase.

— Remove or comment out redundant keywords such as the scale factor.

— Fix absorption (mu) at zero

— Remove or comment out all site lines under hkl or for hklis {}

Pawley/Le Bail and Rietveld refinements can be combined in a single refinement
but care must be taken to ensure everything is in the correct order under for xdds

U

Note: POWGEN data can contain a very large number of reflections. Pawley
refinements have individual position and intensity values for each reflection

— The correlation matrix becomes extremely large so calculating errors with do_errors may take a very
long time and use a lot of computing resources.



Pawley/Le Bail refinements

Modified text required to switch to a
Pawley refinement.

To do a Le Bail refinement add the
keyword

lebail 1
under each hkl Is

"I information specific to frame & refinement here
#ifdef USE_FRAMEE

TOF_XVE (filename_frawes, = Yobs dx at(¥o] .5:) start_end framed

rwp Orexp Or pOr wp dash 0 r p dash 0 r_exp dash 0 weighted Durbin Watson
bkg B 00000

4.737

local !zero -53.70751
local !'dif ¢ Zze00.51507
local 'alphaO -530.46172
local 'alphal 1219.011Z8
local 'betal 491.02832
local 'betal -436Z.10935

‘don't refine
‘don't refine
'don't refine

'don't refine
'don't refine
'don't refine
local !dif a 0 'refine if necessary
local !mu 0O min 0O
TOF_misc
hkl_Is
phase_name ?
r_bragg 0
' scale acal_fe 1
peak _type pv
TOF_CH_Li'cslff, 580.50382, dif_c)
TOF C% _G{!csgf6, 259.04918, dif o)
tof_sample_peakshape(!lor_£6, 6.76091017e-003,!dsp_£&, 1.00000,!dspsg £6, 2
space_group "?"
fendif
Y}

'refine if necessary

' add information for additional dataset here, e.qg. lah ¥RD, 11BM, etc
'xdd ... ' import file

bk ...
tolam ... 'instrument info
' ostr .. 'dataset-specific structure info (scale, broadening, etc)

"{{ overall structural information here

'Put owverall structural and peak shape information here
'Put the owverall peak shape here 3o it can be refined for all banks in calibratif
'
for xdds {
for hklis 1 to 1 {
! space_group "7
phase_name ?
a ?
b 2
cz
al »
be ?
ga ?
'gite 7l

2y ez ? occ 2 1.0 beqg 0.3

! add second phase here if needed for strs 2 to 2 {}
i
"hi}

also needs second str info)

gof 0 'frame 6

L 36777)

n then fixed for all banks

under each dataset used
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